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DRUG DISCRIMINATION: STIMULUS CONTROL
DURING REPEATED TESTING IN EXTINCTION

TROY J. ZARCONE AND NANCY A. ATOR

JOHNS HOPKINS UNIVERSITY SCHOOL OF MEDICINE

Rats were trained, under a two-lever drug-discrimination procedure, to respond differentially de-
pending upon whether lorazepam (1.0 mg/kg) or no injection had been administered before the
session. Responses on the appropriate lever produced a food pellet under a modified fixed-ratio
(FR) 10 schedule, in which the 10 responses had to be emitted consecutively. In reinforcement
tests, completing an FR 10 on either lever produced a pellet. In extinction tests, stimulus changes
paired with reinforcement occurred but no pellet was delivered. Training sessions were conducted
between test sessions. Each of four extinction phases consisted of six tests preceded by one stimulus
(e.g., lorazepam). Repeated exposures to extinction reduced response rates for all rats, but stim-
ulus control, as inferred from either percentage of total responses or percentage of total FR 10s
on the drug-appropriate lever, remained high. The percentage of total FR 10s measure was less
subject to skewing under low-rate conditions than was the percentage of total responses measure
and provided an evaluation of stimulus control in terms of meeting the consecutive response
contingency. These results demonstrate a level of independence between response rate and stim-
ulus control in drug discrimination, which has positive implications for the validity of interpreting
discriminative effects of novel test conditions in well-trained animals, even when overall response
rates are low.
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Despite the extensive use of drug-discrimi-
nation procedures in behavioral pharmacol-
ogy, little research exists on the procedural
variables used in test sessions (reviewed in
Branch, 1991). One such procedural variable
in studies with laboratory animals is the use
of reinforcers during the testing of discrimi-
native control by drug stimuli. In the most
common drug-discrimination procedure, a
conditional discrimination is trained between
a drug (more precisely, a drug dose) and a
no-drug condition using differential rein-
forcement of food-maintained responding on
each of two levers. Discriminative control is
established by reinforcing responding on one
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lever after drug administration and on the
other lever when the drug has not been ad-
ministered. Stimulus control by the drug ver-
sus the no-drug condition is demonstrated
under test procedures in which the same con-
sequences prevail for responding on either
lever. That is, responding on either lever is
reinforced (i.e., reinforcement tests) or re-
sponding on either lever is not reinforced
(i.e., extinction tests) following administra-
tion of the training drug dose or vehicle (i.e.,
placebo). Similarly, tests with different doses
of the training drug or other drugs are con-
ducted with nondifferential consequences.
Once trained, animals typically serve in a se-
ries of drug-discrimination studies.

Choice of testing in reinforcement or ex-
tinction has been governed largely by predi-
lections as to which procedure would be
more likely to have a deleterious effect on
stimulus control of performance in test ses-
sions across repeated testing. A concern
about testing under extinction conditions is
that if reinforcer delivery does not occur fol-
lowing responding on one lever, a ‘‘win-stay/
lose-shift’’ contingency might override drug
stimulus control of response location. Early in
training, this phenomenon does occur and
facilitates learning the drug discrimination.
Testing under reinforcement conditions has
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been avoided by some because of concern
that if reinforcement follows responding on
both levers in a test session, stimulus control
by the training stimuli will be attenuated in
subsequent training sessions and potentially
in subsequent test sessions. The drug-discrim-
ination literature suggests, however, that both
procedures seem to produce the same quali-
tative result in terms of test drugs that do or
do not share discriminative effects with the
training drug stimulus, but one study did
show quantitatively different results. In that
study, a morphine generalization gradient ob-
tained under a reinforcement test procedure
was shifted to the left of that obtained under
an extinction test procedure (Kaempf & Kall-
man, 1987).

The extent to which stimulus control gen-
erated by the training sessions can be over-
ridden by reinforcement variables during test
sessions has received little systematic atten-
tion. Rijnders, Jarbe, and Slangen (1990),
however, studied the effects of repeated ex-
tinction test sessions on stimulus control un-
der a chlordiazepoxide versus placebo dis-
crimination. Rats were trained on a tandem
variable-interval (VI) 40-s fixed-ratio (FR) 10
schedule of food delivery during 10-min
training sessions. During one session each
week, a 2-min extinction period was followed
by 8 min of regular training. Generalization
testing was conducted in 2-min extinction ses-
sions twice per week. The resistance of dis-
criminative accuracy to extinction was tested
during a phase in which consecutive 2-min
extinction sessions, preceded by either chlor-
diazepoxide or saline injection, were con-
ducted for 30 sessions or until there were less
than 10 responses on either lever for three
consecutive sessions, whichever occurred
first. Stimulus control remained high
throughout the extinction-testing phase even
though response rates decreased. The pro-
cedures used by Rijnders et al. may have pro-
moted substantial resistance to extinction of
discriminative accuracy though, because 2-
min periods of extinction had been followed
periodically by periods of reinforcement
throughout training and the initial general-
ization-testing phase.

In our laboratory, drug stimulus general-
ization testing has been carried out in rein-
forcement conditions with both rats and ba-
boons. The response requirement has been a

modified FR schedule in which the required
number of responses had to be made consec-
utively on one lever to produce food-pellet
delivery (e.g., Ator & Griffiths, 1999). Drug
stimulus control seemed unusually strong un-
der these training conditions. When ‘‘extinc-
tion’’ was imposed inadvertently in a training
session by programming reinforcer delivery
on the ‘‘inappropriate lever,’’ experienced
subjects often stopped responding on the ap-
propriate lever without ever switching levers
and thereby coming in contact with the pro-
gramming error (observations summarized
in more detail in Ator, 1990).

Ator (1990) followed up on the unplanned
extinction tests by using limited exposure to
probe sessions to test the effect of extinction
in animals with lengthy histories of testing
only in reinforcement. The probe sessions
were the same length (20 min) as the regular
training and test sessions. In a probe session
preceded by the training dose of lorazepam
and one preceded by placebo, no conse-
quence was programmed for responding on
either lever. In two other such probe sessions,
the usual ‘‘postpellet’’ timeouts occurred af-
ter the response requirement was met on ei-
ther lever. In all these tests, 75% to 80% of
the total responses were on the lever appro-
priate to the injection that preceded the test
in the majority of rats. These results suggest
that once trained, control by the drug stim-
ulus was prepotent and that a win-stay/lose-
shift pattern was not readily adopted even un-
der conditions in which extinction-induced
variability in responding could be expected
to occur.

A reduction in response rate is the other
usual effect of prolonged or repeated expo-
sure to extinction. It can occur during the
first exposure to extinction if the session is
long enough, or it can occur across sessions
with repeated exposure to extinction (Bull-
ock, 1960; Bullock & Smith, 1953; Clark &
Taylor, 1960; Wickens & Miles, 1954; Zarcone,
Branch, Hughes, & Pennypacker, 1997). Low
response rates as a function of repeated test-
ing in extinction have implications for inter-
pretation of stimulus control in drug-discrim-
ination procedures. A common assumption
in drug-discrimination research is that per-
centages of responding on one lever versus
another are uninterpretable in terms of stim-
ulus control when response rates are very low.
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The concern most often arises when response
rates are low following high drug doses. One
interpretation (albeit circular) has been that
‘‘toxic’’ effects of the drug (i.e., evidenced by
low response rates) override stimulus control
and result in random responding. For this
reason, a minimum response requirement
commonly is imposed for interpreting lever-
selection data (e.g., that the usual minimum
number of responses required for reinforcer
delivery have been made). Even in that con-
text, however, stimulus control results are
prone to be interpreted differently when re-
sponse rates are reduced in a test session than
when they are not. This implies that lever se-
lection and response rate are not believed to
be independent of each other as dependent
variables.

Studying lever selection separately from
rate is difficult in a free-operant procedure
because a single response can have a large
effect on percentage of total responses when
response rates are very low. Observations in
our laboratory suggest that when the rein-
forcement contingency requires that multiple
responses be made consecutively, percentages
of total ratios completed on a particular lever
may be more meaningfully interpreted in
terms of stimulus control when overall re-
sponse rates are extremely low. The present
study was designed to use such a measure,
compared to the more common percentage
of total responses on the training-drug-appro-
priate lever, to follow up and extend the ob-
servations of Rijnders et al. (1990) and Ator
(1990) on stimulus control of drug discrimi-
nation during extinction. Unlike the study by
Rijnders, here each of the multiple extinction
tests was to be interpolated between pairs of
training sessions in which criterion level per-
formance was demonstrated, which is how
drug generalization testing typically is con-
ducted. Unlike the study by Ator, here each
rat was to be exposed to multiple extinction
tests until rate of responding in those test ses-
sions was consistently low. If stimulus control
by the training conditions remained strong
during repeated testing in extinction, it
would provide support for viewing response
rate and lever choice in drug-discrimination
test sessions independently even when re-
sponse rates are very low.

METHOD

Subjects

Six male Long-Evans hooded rats (Harlan
Sprague-Dawley) were housed individually
with a 12:12 hr light/dark cycle (lights on at
7:00 a.m.). Weights were held stable at 330 6
10 g with daily rations of commercial labo-
ratory rat chow (20 to 30 min after experi-
mental sessions). The rats had been obtained
at 6 weeks of age and trained to discriminate
lorazepam 1.0 mg/kg from vehicle under the
drug-discrimination procedure described be-
low. Before the present experiment, general-
ization gradients for lorazepam, diazepam,
imidazenil, and pentobarbital had been char-
acterized over an 8-month period using the
testing-in-reinforcement procedure described
below.

Apparatus

Six custom-made operant conditioning
chambers were used. Each rat was trained
and tested in the same chamber throughout
the study. The chamber specifications have
been described by Ator (1991a; photo in
Ator, 1991b). Briefly, two rodent levers were
mounted 13 cm apart on one wall. Identically
colored jewel lights were mounted on the
wall, one above each lever. A food cup, into
which an electromechanical feeder delivered
45-mg Noyes food pellets, was centered on
the chamber wall opposite the levers. White
noise and a ventilation fan in a larger sound-
attenuating enclosure masked extraneous
sounds. The control of experimental events
and collection of behavioral data were accom-
plished with an IBM-compatible computer,
solid-state chamber interface cards, and
MED-PCt State Notation software. Lever
presses and feeder operations were moni-
tored with an event recorder (Esterline-An-
gus).

Drug Administration

The training drug (lorazepam), dose (1.0
mg/kg), route of administration (intraperi-
toneal [i.p.] injection), and time between in-
jection and the beginning of the opportunity
to respond under the food reinforcement
schedule (60 min) were the same as in the
probe sessions reported by Ator (1990). Lor-
azepam was dissolved in a vehicle of propyl-
ene glycol (80%) and polyethylene glycol 400
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(20%), which then was diluted 1:1 with 0.9%
saline. Lorazepam stock solution without sa-
line was maintained for up to 30 days. Once
diluted with saline, the solution was discarded
after 7 days. For placebo injections, the lor-
azepam vehicle (i.e., the solvent diluted with
saline) was injected. Injection volumes were
1 ml/kg. Once weighed and injected, the rat
was returned to the home cage for the first
45 min of the 60-min interval before the ses-
sion.

Procedure

Training sessions. Rats were trained to dis-
criminate 1.0 mg/kg lorazepam from a no-
drug condition using the left and right levers
under procedures like those described by
Ator (1990). Each experimental session was
preceded by a 15-min timeout, during which
the chamber was dark and lever presses were
recorded but had no programmed conse-
quences. At the end of the 15-min timeout,
the jewel lights were illuminated and pellet
delivery depended upon completion of 10
consecutive responses on the lever appropri-
ate to the drug or no-drug training condition
in effect. Changing from one lever to the oth-
er lever reset the response requirement of FR
10 for the initial lever. A 10-s timeout, like the
presession timeout, followed each pellet de-
livery. Whether the left or right lever was
paired with pellet delivery after lorazepam
administration was counterbalanced across
subjects. Rats 42-2, 42-4, and 42-6 were as-
signed the left lever as the lorazepam-appro-
priate lever, and Rats 42-1, 42-3, and 42-5
were assigned the right lever as the loraze-
pam-appropriate lever. Sessions were 20 min
in duration and were conducted Monday
through Friday. Lorazepam and no-drug
training sessions always alternated, except as
described below. No-drug training sessions
were conducted without being preceded by
vehicle injections, because the injection pro-
cedure does not appear to serve as a basis for
drug/no-drug discrimination under a two-le-
ver procedure in rats (Ator & Griffiths, 1989,
1999; Overton, 1979).

Before any testing of these rats for the pres-
ent experiment, performance had to meet
the following criteria in four consecutive
drug (D) and no-drug (ND) training sessions
(either a D ND D ND or an ND D ND D
sequence). The criteria were that (a) at least

95% of all responses in a session had to occur
on the appropriate lever and (b) no more
than nine consecutive responses on the in-
appropriate lever could occur before the first
pellet delivery of the session.

Reinforcement test sessions. Reinforcement
test sessions were conducted to demonstrate
control of response location by lorazepam
and its vehicle, before and after testing in ex-
tinction. The rat was weighed and then in-
jected with either lorazepam or its vehicle
and returned to the home cage for 45 min,
after which it was placed in the experimental
chamber for the 15-min presession timeout.
These test sessions were identical to training
sessions except that making 10 consecutive
responses on either lever produced a food
pellet. As in training sessions, any response
on the alternate lever prior to completing the
FR 10 reset the response requirement for
both levers. Rats were tested twice with lor-
azepam and twice with vehicle before and af-
ter the extinction-testing phase of the exper-
iment (exceptions given in the Results). If a
rat did not contact the contingency that pel-
lets were available for responding on either
lever in a test session, then the very next ses-
sion was also a test session. If a rat contacted
that contingency, training sessions (D ND or
ND D) were conducted before the next test
session to assess criterion-level performance.
If criterion-level performance did not occur
in any training session, training continued
until it occurred in four consecutive training
sessions.

Extinction test sessions. Extinction test ses-
sions were identical to reinforcement test ses-
sions except that the tube that delivered food
pellets from the feeder to the food cup was
displaced into a small beaker behind the pan-
el. Thus, 10 consecutive responses on either
lever produced feeder operation and a 10-s
timeout, but no food pellet. At least two
training sessions were conducted between ex-
tinction test sessions. The order of training
sessions between test sessions was counterbal-
anced so that D and ND training sessions pre-
ceded test (T) sessions equally often (i.e., ND
D T D ND T ND D T etc.). If criterion per-
formance did not occur in a training session,
then the next test session could not occur un-
til criterion performance occurred in four
consecutive training sessions.

There were two types of extinction test
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phases: ones in which test sessions were pre-
ceded by vehicle injections and ones in which
test sessions were preceded by lorazepam in-
jections. Each extinction test phase included
at least six extinction tests. Order of exposure
to the two types of test phases was counter-
balanced: Rats 42-1, 42-2, and 42-3 were ex-
posed to the vehicle extinction test phase first
and the lorazepam extinction test phase sec-
ond, and Rats 42-4, 42-5, and 42-6 were ex-
posed to those phases in the opposite order.
The sequence then was replicated for each
group of rats.

Data Analysis
Responses during the time the jewel lights

were turned on, which excluded timeout pe-
riods, were used to calculate response rates,
percentages of total responses, and percent-
ages of total ratios completed on each lever.
Percentage of total responses on the loraze-
pam-appropriate lever was plotted regardless
of whether 10 consecutive responses were
completed on one lever. Percentages of total
ratios on the lorazepam-appropriate lever
were not plotted if no ratio was completed on
either lever because the criterion for rein-
forcement (i.e., 10 consecutive responses)
had not been met. Although responding on
either lever is appropriate in test sessions, the
terminology of appropriate and inappropri-
ate lever relative to the type of presession in-
jection is retained to facilitate the description
of results.

Stimulus control in test sessions was de-
fined differently from criterion performance
in training sessions. The definition is consis-
tent with the convention in the drug-discrim-
ination literature and is appropriate to testing
in a two-choice conditional discrimination
(Sidman, 1980). That is, stimulus control in
test sessions was not interpreted as meaning-
fully different from performance that met cri-
terion in training sessions if 80% or more of
total responses were allocated to the lever ap-
propriate to the stimulus being tested (i.e.,
lorazepam or its vehicle).

RESULTS
Response Rates

Figure 1 shows response rates on each lever
across consecutive test sessions under rein-
forcement and extinction conditions. Each

graph shows data for 1 rat. The column of
graphs on the left shows data for rats that re-
ceived the vehicle stimulus first, and the col-
umn of graphs on the right shows data for
rats that received the lorazepam stimulus
first. In reinforcement test sessions, both be-
fore and after the four extinction test phases,
response rates on the lever appropriate to the
presession injection were approximately one
response per second or more for most rats,
regardless of whether lorazepam or vehicle
was injected. During reinforcement test ses-
sions, all rats except Rat 42-6 responded on
the inappropriate lever but at a rate 10 to 100
times lower than response rates on the ap-
propriate lever. Rats 42-1, 42-4, and 42-5 re-
sponded on the inappropriate lever in rein-
forcement test sessions only in those sessions
preceded by lorazepam injection and not in
those preceded by vehicle.

In the first extinction test session, response
rates on the appropriate lever decreased be-
low those in the reinforcement test phase, re-
gardless of whether the test session was pre-
ceded by lorazepam or vehicle. Responding
on the inappropriate lever occurred in the
first extinction test session except for Rat 42-
6, but was 10 to 100 times lower than re-
sponse rates on the appropriate lever for
most rats. Response rates on the appropriate
lever continued to decrease across test ses-
sions in the first extinction phase, if only
slightly for some rats, and were below 0.1 re-
sponse per second by the sixth extinction test
session. Response rates on the inappropriate
lever did not show a monotonically increasing
or decreasing trend; they were zero in one or
more extinction test sessions for each rat.

The presession injection was changed for
the second extinction phase to lorazepam for
Rats 42-1, 42-2, and 42-3 and to vehicle for
Rats 42-4, 42-5, and 42-6. In the first extinc-
tion test session, response rates on the appro-
priate lever remained higher than response
rates on the inappropriate lever. Response
rates on the appropriate lever did not show a
monotonically decreasing trend across the re-
maining extinction tests for this phase. Re-
sponse rates on the inappropriate lever in-
creased during this phase and were
sometimes equal to response rates on the ap-
propriate lever.

The two types of extinction phases were
replicated by reversing the type of presession
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Fig. 1. Responses per second for both levers across consecutive test sessions that were preceded by an injection
of either lorazepam 1.0 mg/kg (L) or its vehicle (V) 60 min before the test for each rat trained to discriminate
lorazepam 1.0 mg/kg from the no-drug condition. The test results over the Ls and Vs on the x axis are for reinforce-
ment tests, and the test results over the numbered segment of the x axis are for the four extinction test phases. At
least two training sessions were interpolated between test sessions. Closed circles represent responding on the lever
for which responding had been reinforced with food pellets when lorazepam preceded training sessions. Open circles
represent responding on the lever for which responding had been reinforced with food pellets when no injection
preceded training sessions. Note that the y axis is a log scale. Zero has been added to be able to indicate that no
responses occurred during the session. The V next to the symbols in the first extinction phase for Rats 42-4 and 42-
6 and in the second extinction phase for Rat 42-1 indicate that, by mistake, vehicle was administered prior to the
test session instead of lorazepam. Rat 42-4 was not tested in reinforcement following the extinction test phases due
to illness.

injection twice more. Response rates on the
appropriate and inappropriate levers did not
decrease further. In replication sessions pre-
ceded by lorazepam, response rates on the
appropriate and inappropriate levers were
similar to what they had been in the first lor-
azepam phase for most rats. The response
rate of Rat 42-2 on the inappropriate lever
decreased compared to the first lorazepam

extinction phase so that it did not overlap
rates on the appropriate lever.

In replication sessions preceded by vehicle,
response rates on the appropriate lever re-
mained higher than response rates on the in-
appropriate lever as they had in the initial
exposure to this type of extinction session for
Rats 42-1, 42-3, and 42-4. Rats 42-2, 42-5, and
42-6 showed a convergence of response rates
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on the appropriate and inappropriate levers,
which replicated the convergence observed
during vehicle extinction sessions for Rats 42-
5 and 42-6. Also in the vehicle replication
phase, those rats that were first exposed to
extinction in sessions preceded by vehicle in
Phase 1 (Rats 42-1, 42-2, and 42-3) showed a
decrease in the number of sessions without a
response on the inappropriate lever. Two of
the 3 rats that were first exposed to extinction
in sessions preceded by lorazepam and ex-
posed to vehicle extinction sessions in Phase
2 (Rats 42-4 and 42-5), however, showed an
increase in the number of sessions in which
they failed to respond on the inappropriate
lever. Rat 42-6, on the other hand, showed
the greatest breakdown in stimulus control in
the vehicle replication phase. That is, re-
sponse rates on the appropriate lever were
below those on the inappropriate lever in the
first three sessions, and then rates on the two
levers converged for the remainder of that
phase.

Percentages of Lorazepam-Appropriate
Responses and FR 10s Completed

Figures 2 and 3 show, respectively, the per-
centage of responses on the lorazepam-ap-
propriate lever and the percentage of FR 10s
completed on the lorazepam-appropriate le-
ver across test sessions. During reinforcement
tests with presession lorazepam injections, the
rats made at least 96% of their responses and
completed virtually 100% of their FR 10s on
the lorazepam-appropriate lever. Presession
vehicle injections occasioned less than 1% of
responses on the lorazepam-appropriate le-
ver, and no FR 10s were completed.

In the first extinction test session, preses-
sion vehicle injections occasioned less than
10% of responses on the lorazepam-appro-
priate lever. Presession lorazepam injections
occasioned greater than 80% of responses on
the lorazepam-appropriate lever. No rat com-
pleted an FR 10 on the inappropriate lever
in the first extinction test session. In the re-
maining five extinction tests of the first
phase, rats in the vehicle group emitted fewer
than 10% of their total responses and com-
pleted no FR 10s on the lorazepam-appropri-
ate lever. Rats in the lorazepam group emit-
ted 79% or more of their responses and
completed all of their FR 10s on the loraze-
pam-appropriate lever, with the exception of

two sessions at 90% (Rat 42-4, Session 4, and
Rat 42-5, Session 2). Two rats from the lor-
azepam group were inadvertently injected
with vehicle during the first extinction test
phase (Rat 42-4, Session 3, and Rat 42-6, Ses-
sion 3). Responding in those sessions was ex-
clusively on the no-drug-paired lever for Rat
42-4 and less than 20% on the lorazepam-ap-
propriate lever for Rat 42-6.

Changing the presession injection for the
second phase to lorazepam for Rats 42-1, 42-
2, and 42-3 and to vehicle for Rats 42-4, 42-5,
and 42-6 decreased stimulus control com-
pared to the first phase, as interpreted from
the percentage of lorazepam-appropriate re-
sponding measure. In sessions preceded by
lorazepam in the second phase, lorazepam-
appropriate responding was below 80% for
one or more sessions for all 3 rats. Percentage
of total FR 10s completed was below 100% in
only four of the nine sessions in which per-
centage of total responding was below 80%,
however. In sessions preceded by vehicle, lor-
azepam-appropriate responding was below
20% for Rats 42-4 and 42-5, except for the
last session of this phase for Rat 42-5. All test
sessions resulted in greater than 20% loraze-
pam-appropriate responding for Rat 42-6.
Percentage of completed FR 10s also was less
than 20% for Rats 42-4 and 42-5, except for
the last session for Rat 42-5. Only one test
session resulted in less than 20% of complet-
ed FR 10s for Rat 42-6.

When the lorazepam extinction phase was
replicated, lorazepam-appropriate respond-
ing was above 80% in all six sessions for 2 rats
(Rats 42-3 and 42-6) and in the first five ses-
sions for 2 rats (Rats 42-4 and 42-5), which
was similar to performance in the first phase
of lorazepam extinction tests. Rats 42-1 and
42-2 also emitted greater than 80% loraze-
pam-appropriate responding during five or
six of the lorazepam extinction replication
sessions, but this was an increase compared
to the first phase of lorazepam extinction
tests. When the vehicle extinction phase was
replicated, lorazepam-appropriate respond-
ing did not exceed 20% for Rats 42-1, 42-3,
and 42-4, which was similar to performance
in the first phase of vehicle extinction tests.
Rat 42-2’s percentages of lorazepam-appro-
priate responding increased across the six
tests, however, and Rats 42-5 and 42-6 contin-
ued a pattern of increased lorazepam-appro-
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Fig. 2. Percentage of total test-session responses that were on the lorazepam-appropriate lever across consecutive
reinforcement and extinction test sessions for each rat. Open circles indicate test sessions in which the food-pellet
reinforcer was delivered when 10 consecutive responses were completed on either lever. Filled circles indicate test
sessions in which only the sound of the feeder and the timeout followed completion of the response requirement.
Other details as in Figure 1.

priate responding after vehicle injections,
which began during their initial exposure to
the vehicle extinction phase.

The percentage of completed FR 10s mea-
sure showed more evidence of stimulus con-
trol by the training conditions during the rep-
lications than did the percentage of
lorazepam-appropriate responses measure.

After lorazepam injections, the percentage of
FR 10s completed on the appropriate lever
was 100% in all except three test sessions, and
it was below 80% in only two test sessions
(one each for Rats 42-4 and 42-5). Likewise,
percentage of FR 10s completed after vehicle
injections was greater than 20% in only two
test sessions (both for Rat 42-5) for 5 of the
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Fig. 3. Percentage of completed 10-consecutive-response ratios (FR 10s) on the lorazepam-appropriate lever across
consecutive reinforcement and extinction test sessions for each rat. Open circles indicate reinforcement test sessions
in which the food-pellet reinforcer was delivered when the FR 10 was completed on either lever. Filled circles indicate
extinction test sessions in which only the sound of the feeder and the timeout followed completion of the FR 10.
Data points were omitted if no FR 10 was completed on either lever because 0% lorazepam-appropriate FR 10s
implies that 100% FR 10s were completed on the other lever. Other details as in Figure 1.

6 rats. For Rat 42-6, the percentage of com-
pleted FR 10s measure reveals that stimulus
control was disrupted, as all of the completed
ratios were on the lorazepam-appropriate le-
ver after vehicle injections. The percentage of
FR 10s measure also reveals that after vehicle
injections, Rats 42-2, 42-5, and 42-6 some-
times did not complete a single FR 10 (sym-
bols are omitted for these sessions).

DISCUSSION

As is characteristic of behavior during ex-
tinction, response rates on the appropriate le-
ver in the present study decreased, and, for
the majority of rats, responding on the inap-
propriate lever increased in extinction com-
pared to reinforcement test sessions. Most of
the decrease in response rates on the appro-
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priate lever occurred within the first few ex-
tinction test sessions. Response rates on the
appropriate lever either slightly decreased
further or were relatively stable throughout
the remainder of the approximately 24 ex-
tinction test sessions. The extent of the de-
crease in response rates was the same for the
tests preceded by lorazepam and the tests
preceded by vehicle. Response rates typically
were 10 times higher on the appropriate lever
than on the inappropriate lever, which indi-
cated continuing control of response location
by the lorazepam stimulus. On the other
hand, response rates on the two levers con-
verged in some phases, which would be in-
terpreted as a loss of control by the loraze-
pam stimulus. In the drug-discrimination
literature, however, response rates on the in-
dividual levers typically are not used as the
measure of stimulus control, although they
often are averaged and evaluated as a mea-
sure of the drug’s effect on overall response
rate (Stolerman, 1993).

The percentage of total test-session re-
sponding that is on the drug-appropriate le-
ver is commonly used as the measure of stim-
ulus control (Stolerman, 1993). If the
percentage is 80% or greater, the test stimu-
lus is not considered meaningfully different
from the drug training stimulus. Conversely,
if the percentage is 20% or less, the test stim-
ulus is considered completely different from
the drug training stimulus. By this criterion,
responding was not qualitatively different
from the analogous training session in most
of the first extinction test phase, regardless of
whether vehicle or lorazepam injections pre-
ceded the test session. During the second ex-
tinction phase, rats showed more variable
stimulus control than they had in the first
phase. Stimulus control, however, did not
progressively deteriorate across phases. Rath-
er, percentage of lorazepam-appropriate re-
sponding in the replication tests preceded by
lorazepam was 80% or more in all or all but
one extinction test session. Percentage of lor-
azepam-appropriate responding in the repli-
cation tests preceded by vehicle, however, was
above 20% in two or more extinction test ses-
sions for half the rats.

Myerson and Hale (1988), using extero-
ceptive discriminative stimuli, reported that
response distributions established during con-
current reinforcement training were main-

tained throughout extinction, and that the
observed variability in later extinction ses-
sions may have resulted from comparison of
smaller behavioral samples. In the present
study, response distributions increased in var-
iability in terms of ‘‘percentage of inappro-
priate responses’’ when comparing the stan-
dard deviations for the first two phases of
extinction (Phases 1 and 2, M 5 12%, SD 5
7%) to the last two phases (Phases 3 and 4,
M 5 11%, SD 5 10%). A comparison of the
absolute number of inappropriate responses
between the first two and last two extinction
phases shows a decrease in variability (Phases
1 and 2, M 5 11, SD 5 8; Phases 3 and 4, M
5 5, SD 5 4). Thus when response rates de-
crease in drug-discrimination procedures,
whether due to extinction or to a high dose
of drug, increased variability in the percent-
age of responses measure is at least partially
a product of the percentage calculation itself.

The percentage of FR 10s completed mea-
sure showed the least disruption of stimulus
control by the extinction test procedure.
Even though some responding on the inap-
propriate lever occurred, as shown by the re-
sponse rate and percentage of lorazepam-ap-
propriate responding measures, the
percentage of FR 10s completed was 100% on
the appropriate lever in many of those ses-
sions. These rats had extensive experience
with testing in reinforcement, in which pel-
lets were sometimes obtained by responding
on either lever in the same test session (Ator
& Griffiths, 1999). Yet during the first phase
of extinction tests, only half the rats complet-
ed a response requirement on the inappro-
priate lever (albeit in only one session), and
the percentage of FR 10s completed on the
appropriate lever did not decrease below
80%. The percentage of FR 10s completed
was less influenced by small changes in the
distribution of responses. For that reason it
was a better indicator of continued stimulus
control of the reinforced operant class
(which was 10 consecutive responses on one
lever) when response rates were low than was
the response rate or percentage of loraze-
pam-appropriate responding measure.

The percentage of completed FR 10s mea-
sure is not commonly reported in drug-dis-
crimination research, but some laboratories
commonly report some form of ‘‘lever selec-
tion’’ measure. For example, the percentage
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of rats that complete the response require-
ment on the drug-appropriate lever prior to
the first reinforcer of the session is referred
to as the percentage of rats that ‘‘select’’ that
lever (review in Stolerman, 1991). Also, it is
common for laboratories not to report the
percentage of completed responses measure
for a given animal if insufficient responses
were emitted to produce the reinforcer,
which may be characterized as failure to
make a ‘‘lever choice.’’ In the present study,
the percentage of reinforced ratios measure
can be seen as analogous to a lever selection
measure in which lever selection was defined
as completion of 10 consecutive presses on
one lever.

The percentage of completed FR 10s mea-
sure also indicated that for some rats, the ve-
hicle injection itself became discriminative
for extinction. After the first phase of vehicle
extinction tests, rats sometimes failed to com-
plete 10 consecutive responses on either lever
after vehicle. This likely was due to the fact
that the no-drug training sessions were not
preceded by vehicle injection. If the failure
to complete an FR 10 in some of the later
vehicle sessions was due to the development
of an SD function for the vehicle injection, it
bears further investigation, given that the in-
jection occurred 45 min before the rat was
placed in the chamber for the presession
timeout and given Overton’s (1979) extensive
work showing a failure of vehicle injections to
gain discriminative control of responding.

In the present study, only the reinforcer
was removed, leaving the other stimuli (10-s
timeout and feeder operation) that accom-
panied reinforcer delivery intact. One effect
of continuing to present the stimuli that ac-
companied pellet delivery may have been to
maintain responding longer during extinc-
tion. In the present study, all rats continued
to respond across the four extinction test
phases, despite repeated experience with the
omission of pellet delivery. To understand
how control by drug or other discriminative
stimuli is affected by extinction, the reinforc-
er and the stimuli that accompany the rein-
forcer should be examined independently.

A common assumption in the drug-dis-
crimination literature is that percentage of re-
sponding on a particular lever is uninterpret-
able in terms of drug stimulus control when
response rates are very low. The data from

the present experiment illustrate the relative
independence of the response rate and lever
choice measures. Although response rates de-
creased substantially, the distribution of re-
sponses and completed FR 10s across levers
indicated that stimulus control of lever
choice by the training conditions remained
reliable. These data suggest that distributions
of responding across levers under novel test
conditions may indeed be interpretable in
terms of the discriminative stimulus effects of
the test drug even when response rate is low.
This interpretation is consistent with the find-
ings of Kaempf and Kallman (1987). They
did not find qualitative differences in mor-
phine generalization when they compared a
gradient obtained under extinction test con-
ditions with one obtained under reinforce-
ment test conditions. Both testing conditions
yielded gradients that showed full generaliza-
tion. Instead, a quantitative difference in the
gradients occurred: More responding oc-
curred on the drug-appropriate lever at lower
morphine doses under reinforcement test
conditions. Future research could be well di-
rected to investigating the generality of this
finding.

Questions about interpretation of general-
ization data in the context of low overall re-
sponse rates more often arise, however, when
low response rates are seen as a function of
the direct effects of the drug dose being test-
ed. Although the present data support the
view that ‘‘lever choice’’ data measure a dif-
ferent aspect of behavior than overall re-
sponse rate, they do not address the question
of direct effects of drugs on stimulus control
processes generally. One potential strategy
would be to deliver rate-decreasing doses pri-
or to sessions in which differential respond-
ing is under the control of exteroceptive stim-
uli, such as tones or lights. A number of
studies of stimulus control under free-oper-
ant and discrete-trial procedures have studied
the effects of psychoactive drugs on stimulus
control (review by Katz, 1990). Katz conclud-
ed that ‘‘changes in stimulus control of re-
sponding contributed little if anything to the
changes in rates and patterns of schedule-
controlled responding’’ (1990, p. 32). Excep-
tions were found with some drugs under
some conditions as a function of, for exam-
ple, whether the procedure was free operant
or discrete trial and whether the degree of
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stimulus control under baseline conditions
was less than optimal. Further research into
such variables is needed with respect to drug
discrimination to understand how procedural
variables and baseline levels of stimulus con-
trol contribute to assessments of drug stimu-
lus control when low response rates are a
function of drug dose.
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